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Effects of Straw Returning Combined with Nitrogen Fertilizer on Paddy Soil Carbon Sequestration and
Green-House-Gas Emission in Central South Region of China
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(1.Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.Academy of Life Sciences, Shanxi Agriculture
University, Taigu 030800, China)

Abstract: Application of the straw and fertilizer can affect the potential of soil carbon sequestration and green-house-gas (GHG ) emission
in paddy field. This study returned straw of oilseed rape ( Brassica campestris L.) with different quantity of nitrogen fertilizer (150, 225, 300

kg -hm=2and 375 kg-hm=) to figure out the effect of straw returned accompanied with nitrogen fertilizer on soil carbon sequestration and
GHG in paddy field and to assess the global warming potential (GWP ). The results showed treatments of straw returning with nitrogen fer—
tilizer significantly increased the soil carbon sequestration, with the highest value of 147.74 kg -hm, 38% higher than only nitrogen fertilizer
treatments on average. It suggested the straw-returning with nitrogen fertilizer could increase the soil carbon sequestration in contrast to the
only nitrogen fertilizer treatments. Meanwhile, compared with the only nitrogen fertilizer treatment, straw returning with nitrogen fertilizer
could increase rice yield, while reduce the CO, emission, however, it increased CH, emission slightly. The green-house-gas intensity (GHGI )
and GWPs of straw returning with nitrogen fertilizer was 0.372, 5 394.22 kg CO,-eq -hm, which was significantly lower than the only nitro-
gen fertilizer of 0.630, 9 339.94 kg CO,-eq-hm= and straw returning treatment of 0.816, 9 872.2 kg CO,-eq-hm-?, respectively. It suggested
the straw returning with nitrogen fertilizer could reduce GHGI emission and mitigate the global warming efficiently.
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Table 1 Properties of the paddy soil and straw

R A LA A B fi% 4L B HEp H (i WA
Material ~ Organic C/g-kg™ Total N/g-kg™ Available N/mg-kg™ Available P/mg-kg™ Available K/mg-kg™ P CIN
AR 3 21.95 1.39 144.60 6.37 38.46 6.94 15.79

FEAT 634.9 5.88 — — — 6.32 108
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Table 2 The main properties of the paddy soil in maturation phase under different treatments

i3 2% /g-kg? HHLFi/g-kg™ i /g - kg™ pH & #d#lg-cm?®
S 1.59+0.03¢ 40.93+0.54e 14.93+0.20de 106.8+7.11bc 6.09+0.15hc 1.0920.1e
su1 1.63+0.01bc 45.98+1.47d 16.32+0.52cd 109.9+4.78bc 6.140.05hc 1.18+0.06d
su2 1.67+0.02abc 51.55+0.78¢ 17.94+0.53bc 115.2+7.37hc 6.010.03c 1.28+0.02¢
su3 1.72+0.09ab 58.18+0.62b 19.70+0.56a 124.9+12.72ab 6.04+0.07hc 1.29:+0.08bc
su4 1.75+0.03a 62.59+1.35a 20.81+0.93a 141.3+7.70a 6.02::0.03bc 1.36+0.02a
CK 1.63+0.02bc 34.31+0.63f 12.25+0.36f 97.1+6.91c 6.25::0.08ab 1.10+0.06e
U1 1.64+0.01bc 39.61+0.60e 14.03+0.21e 101.7+7.13bc 6.45+0.08a 1.19+0.07d
u2 1.65:+0.04abc 46.24+0.56d 16.25:+0.49cd 118.3+7.70ahc 6.16:+0.02bc 1.30£0.13bc
u3 1.71+0.03ab 50.08+0.17¢ 17.01+0.37cd 120.1+8.25ahc 6.16::0.04bc 1.35+0.04ab
U4 1.74+0.07a 57.30+0.70b 19.15+0.91ab 122.3+2.34ahc 6.05:£0.04bc 1.39+0.12a

T : [FISA [l 5B R A R b B ) 25 57 2 25 (P<0.05) . Tl

Note: Different letters indicate significant difference among different treatments at 0.05 level. The same below.
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Different letters indicate significant difference among
different treatments at 0.05 level
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Figure 1 The soil C sequestration during the rice growth period

among different treatments
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Figure 2 Seasonal changes of CO,, CH,, N0 flux of different
treatments during the rice growth period
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T R HERGE B2 800 mg-m2-h, i 2 X HE A
Bt EAEAL T, & 3b TR AN ) AR K i AR T CO, 1Y)
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A o 5% AR HE , BRINAS AT 2 5 1 i CO, A HE
N, TEKAE/MEEN, S Fil SUS AbFE CO, Y- HEL
44 206.6.177.3 mg-m2-h™, T CK f#) 106.2
mg-m2-h, 7ET AR, B AR SUS 4bFE CO,
HEBCEE T T 0 BT U3 AL B, (H R AR T S AL BR, Hip%
i 43 313k 49.5%71 29.2% , K HAFRE FF- 5 AU NE Hd-& it
A A P — i FE A HH 3 PR AR HH AR 25 R 48 CO,
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Different letters indicate significant difference among
treatments in the same period at 0.05 level.

& 3 kiEEFHAR4E CO,.CH, \N.O I FEE=E
Figure 3 Seasonal changes in CO,,CH,, N,O average fluxes from
paddy fields by different treatments

e, RS FFA H O hE U AL PR 2 5 18RS HH CH, 1Y)
Heifoi . &l 3c R T CH, FIHEBCE AE AR R A K B
SRS AR, 8 CH, HE il = R A FE /3 BET , K
Fef 43 BE 11 SU3 4b 3 (% CH, ~F- ¥ HE il 38 i 4 7.86
mg-m=2-h-t oK FEAF M CH, ¥ HE L S 5 1
53.2%, . 2 e T REAN LA AL B 5% BEOR L, KA
SYBEA U3 F1 S AbFY CH, HEA & IR 43 i85 4.2
5.5mg-m?-h, 257 B 3% (AR5 #4543 CH, HEiGHE
GG, Z AU, U3 BRI CH, P2 HE ik &
{4 0.14 mg-m2-h, 5% B X IR 0.09 mg-m2-
h, T &%
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Fi A K N AR BE CO, CH, AT N,O #4688 K
HRE, Hd DL CO, HEt it fe K, CH, HEltE IR Z
N0 HE AR 12 3 s, BN INAS AT 5 A8 &5
M) 3 it & A HE RIS 150, AN ] b 3 22 1) 3 28 <R
PR E R R E . S A CO, BRI B,
ik 7242.8 kg-hm??, & 25 T A AN . SU3 b3
CO, R &y 5 669.1 kg-hm=?, K735 CK
F1 U3 ZbE s 32.3%F1 39.29% , (H 2 i 2T S b,
EZ ML, SU3 AbFEfY CH, R ok, BFHE
Jil ik 128.0 kg-hm2, 438542 CK .S 1 U3 4bFH(46.7
1.5 ff5F0 3.6 15, 16 BHFSFT it A E AL B FEAIK CO, 5
FUHER A TRl 20 2 838 TR B CH, i HERCER: . Ik
Ah, Hi AR FE NO SRFHEAC R B 2 & T I b
P, SUB b3 N.O FHEiHHERCRAL R U3 Ab3Y 44.6%,
ot BH ZUIE O R AT S5O REAR T NLO I HETR
25 BHEESETERERESRENIN

T 2 SRR N A TR RO e A SO R E
AT IR RN TR E B A AR . R 4 T, SU3

%3 ABEEHEAEEESEHERNE

Table 3 Cumulative emissions of greenhouse gases by
different treatments

yon CHeBBUERHCR  CO, RBUBIR  N.O SRR
kg-hm= kg+-hm= kg-hm=
CK 19.2+2.7c 3 840.4+353.2¢c 0.82+0.1c
S 86.7+10.7b 7 242.8+526.7a 1.55+0.2b
U3 35.7+10.9¢ 3 446.8+395.2¢c 3.54+0.3a
Su3 128.0+13.0a 5 669.1+389.7b 1.58+0.2b

A1 U3 ZEBRR KR 525051 h 14 483 kg-hm? F1 14 833
kg-hm2, i 27 T CK Fl S AL 3, 1 U3 55 SU3 b
7] JC 8.7 25 57 . SUB Kb P - 38 AU R 1o 2 4L
f b B, )& CK.S A1 U3 4b#EY 3.8.2.5 f5F1 1.7
5, 10 BH RS T It 201 S 2 0 T - R A S
U3, SU3 4b B i) 23 G Tt 35 000 B i &8 AR o B 34 i
AT CK AR, U3 b Z5 A i = 300 Al =<
AR B 435124 9 339.94 kg CO,-eq -hm2 1 0.630 kg
CO,-eq-hm?2, #5535 F SU3 AbFH Y 5 394.22 CO,-
eq kg-hm2 10.372 kg CO,~eq - hm2. &5 FfriR , 5 FFif
P T it RN e i A A ) TR 7K R ™ o o 1
B, I LA . 25 el 2 AN ARG e Bt ZRUIE T s s i) 4
o 2 B T S SN, IR 2 RS

1€ 5 AT, it P RUIE A S22 5 e K R 1 7 i
TS RS FEXT KR = o 5 AN 12 o i U RS AR
TNkt - S [Tk f5E 5 I 2 TR ARG, I U IR FF LA
IO %t - S [ Rl it S MRS B2 TRt RS RS AR
HH 35 2 18 i NLO A1 CH, i HE, R H e Bl =
RN AL SRR S AU AR ARG N &2 B2
IEMESE R, AN AT BUIE ELAE X 5 R 2 00 AR
HSMHE R AN B

3 itig

3.1 FFEHEERAEXTEH L EERE RN

T HEA BT SR I A H A SRR M - 43
AR Y SR RE SRR, do 2 AL L ) A 24
bro KRAEWFFERM, B FFE AR IE A 252 = A

*4 EREAETE TEERE FEARERNNEBRESEFRE
Table 4 Rice yield, soil C sequestration, GWP and GHGI by each treatment

abEE 7 hE/kg-hm? +$E[F R ATCS/kg CO,-eq-hm?

A IR 20N GWPIkg CO,~eq-hm2

RS AR GHGI/kg CO,~eq-hm™

CK 12 533+235b 143.0+36.3c

S 12 100+408b 252.5+41.9b
U3 14 833+276a 315.2+61.1b
SU3 14 483+166a 541.7+59.1a

4 564.76+261c 0.364+0.012c
9 872.2+473a 0.816+0.030a
9 339.94+502a 0.630+0.034b
5 394.22+298b 0.372+0.019c

x5 BHOCSREBUVNERRESHREHNE KEFE SFESREMNNMEESTREXMANERATESH
Table 5 Two-factor variance analysis of effects of straw and nitrogen fertilizer on greenhouse gas emissions, rice yield, GWP and GHGI

SES F o P LR ATCS HREE A IR0 GWP i 2= AR L GHGI
Factor DF F Sig. F Sig. F Sig. F Sig.
s 1 0.75 0.403 8.33 <0.05 11.60 <0.001 13.68 <0.001
U 1 46.03 <0.001 0.98 <0.05 10.80 <0.05 7.09 <0.05
sxU 1 0.02 0.889 0.19 041 0.17 0.685 3.16 0527
Model 3 15.60 7.51 7.10
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- S [ B T 7 1 B AR R B o AR HE AT LA Ao 3
T A AR () ELEE A, S A, T i FH 2UIE
AT DA I R R AR AR I FH AR i, AT i 1R 2
B R ARBF ST AE R R TERS AR H 5 AU A
AT K FEAF N A LTS A B A
BTG R A i R AR R S A
RIS 25 AR, UESKE T AR H 5 RUIE it FH e 38
Fet HH - S (B A s 07 T ) B AR

AHIFFE 14 2 W A58 B it SR AR A FH A B, R FF
e it U AEXoF - 39 A ML R T SR B S B A B
Tl A it 2N 45 A B %) = 39 AL 5 o 0 L ot ) 2
B AEAL R 9.2%~11.2%, #¢ A —FEFFA H AL B
BTN 12.4%~52.9% (% 2). %45 R 5 R FIHEER K
A HLICHURE L it 2 5 bt A MLIE X /g HH 26 8 MLak %
IR 14.3% R oY 45 AR T, (H i R 425
) 3.7%~7.7%, iX ] B J2& f1 T A A A A R AN £
BT CIN 22510 T8 RSP it e 4 1
WOR, ZAE E R R ARA 1 S B S G CIN, SR T 31
il A LT R A #a, Tong 555 F1 E AR AH
SEPAIT ST LR I, R U AT RS A AR A H R
FEHH 48 CIN Ryt BTty , AR SEAR 2 A i 5
P A B RIS 1 Z R AR UERS AT 2 A 1
BEAWURIIIE R . AIRIGHAS H 3@ A s+
I #F CIN -2 15.79, o3k 5 7% H 4338 CIN 254k
YW A 14.03~20.81, i 7 75 25 & X 3538 18 & K B
Ny A B UL 25 5 (CIN=55.64 ), {H 15 -3 AR 2% 250
X R ) 1 DX R U A R R 25 5 (CIN=9.52) . i A<
ST JRAR R A, AR U I X A 21 858 - F e S B RS
ARG AL B, FEFF A ZEE A S 2 i 3 AL
FRFR . KRG LS LW, A VL TCHLE G ]
SRR T A HE R P R A P R T SR AR (AT i, DA T A B 22
TS N SR AT HLIRTTE B A] SRAA , DT I8 25 42
e SR [ B AR P A S R AT O US4 v 1
AL Ao, B 1 CIN R s &, ke T
e FH - $9 FRAR P S5 5 S Ko Y - 8 T e 7
P AT AR IR RO, SR, R R FH— i
HETINAE H CO, BYHERL , AT HE2 384k 41K 1 4 A
Wbzt o PRI, ANBFSSAE XS RS A5 RO it R A% H £
B TR FIRE, 25 TR E SRR,
SEA U0 UE R AT Tt 250N ) RS o
32 M THEEREMBHEESEHRS &E
Al

X T REFF I FH S FH CO, HERGHE S5, N2
—514—

WF9E B R AEFTAE FH 2 )5 o T 0 9 %6 R T 104 J65 fie L
Je 560 IR (AL TEAF SRS 1 T B3 By 4 458
WP A N A , 58043 CO, HE Y ™, AHF5E
AR T GEEE, 5% IR0 AT Ak BRAH L,
USRS FE AL BR300 0 T CO, 1 R HECE: . FEFFIR
PR B HE T oA T . BE DA S B AR A, A
T T P S sk | (e 2R fl A 2 o R T A
(1) CO, Hrif B4,

34 FHOG A FH NGO HET ) S e A7 E 4 1L AR
FEEER R, 5 B it ZUIE AL FRAR HL SRR AR FH AR AT
e it 22U AT S 25 BRI 48 NLO 14 B3 HHE i i Bt
JE Ak 3 NLO A SRk 2 8 35 = T CK.S.SU Ab B,
Al RE TRt AR B A IR R 5 DL NO 11
Bk . HFIE R, 5 it FAE A FRA L, A
FEI U INAE— & T 1Bl 4 55 -4 CIN, HIEA R R 5
FEI A m IR TR AU A SR oA A B A
W I A A T 2 1 3 A T ) R 2R ik T
fisfb 5 SR ARAE AR SR , TR NLO TE LA 41
A A, R, R it 2200 1T S 2 AR NLO B L 2R
HEf R o B A A 5 RS FF A% 65 i A Bt 25 K 4345 B
Tt , A5 S A P 28 448 5, | 500 7 K AR i
N HElc: BT, (HAS AR FRZ E]) NLO HEjik i~F- 1
WE2ZEFARE .,

CH, 7= F - B P4 RS IR S b A A 25
RY AN EERESM B 5 RIERMEIXT CH,
(= AL S S R A A B, RN
T AT oA A HH - S R A PR ks - 3 A W X
F G TR FEAEREFT oy fifad R v ok CH, 1 7= A 42
HE7= CH, ™, DT 5% i 6 HH A= 25 R 48 CH, (1 HE
Jil o Hu SEC 53 .28 B U P i NHG XA H 1 458
CH, 8 AL AT s P/ A, ZUIE (At X -39 CH, 194
A — R . FEARDFIE R, REAT it U0 b B 1Y)
CH, HECRAE KR AR KA IH ) i 25 5 T HA AL B
Ul BH SR AT A FH A AUt SO A L , 7 I 20 IR Ak B
BAFIF CH A, 58— TR INFSFEAR L, RS R
Jiti ZNE R A A= 45 C/N, B A5 ) R T 68 Aot i Sy ™ FH o
PRI B = IR P 0, BE Ak, o BE K RS AR B
WRRKE[LINL RS, E—EfRE L haf it
CH, (R, ASBIF5R 7 BEWIRS I CH, (HE R 2 &
FHAA T, 18 52 K R AR AR A A R FK AR B
FEP SR

TEABFTE b, BRI FF A0 RUIE fe 282 5 i e 1 A
ARG G T RN = ARHE R BE o AR FI0 R
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ZIa] KT Li Z549 44l DNDC 55 BB K 3 e /K
i HH A 45 5 (3.22 kg CO,-eq-hm2), {H 5 Qin &M
X1 I8 T 45 VSR BRORS AT 348 HH it A ML AL A 45 SR A 4B
(0.24~0.74 .0.53~1.15 kg CO,-eq-hm?2) . =& RS0
B SRR B AN IRV A N A g e i AR
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5 RN AT 2150, LA R % FE RS FHAS AP Y
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